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Abstract
A 6-year-old spayed female ferret (Mustela putorius furo) exhibiting clinical signs of weakness, anorexia,
lethargy, weight loss, and frequent urination was presented for a veterinary evaluation to determine the
underlying cause of the aforementioned abnormal behavior and clinical condition. Physical examination
revealed a large, firm, painless, movable subcutaneous mass at the base of the tail. Radiographic and
ultrasound images confirmed the presence of a soft tissue mass compressing the sacrococcygeal vertebrae,
but there was no evidence of metastatic lesions. Because of the poor prognosis and progressive deterio-
ration of the animal’s clinical condition, the ferret was humanely euthanized. Gross necropsy revealed a
4  4  3.5 cm, firm, yellow-tan, ovoid, subcutaneous mass wrapped around the rectum and the anus.
The mass did not appear to breach the serosa. Evaluation of the abdominal cavity revealed a pale yellow
liver, possibly associated with hepatic lipidosis with no gross evidence of metastasis in the body cavity.
The histopathological features of the mass were consistent with a liposarcoma. To the best of the authors’
knowledge, this is the first case of subcutaneous liposarcoma reported in a ferret. Copyright 2012 Elsevier
Inc. All rights reserved.
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T
his case report describes the clinical signs, hematology, serum biochemical analysis, diag-
nostic imaging, macroscopic necropsy, histopathology, and immunohistochemistry of a
subcutaneous liposarcoma in a ferret. Liposarcomas are malignant mesenchymal neoplasms
that can originate from adipocytes and lipoblasts.1 Based on the current literature, the over-
all prevalence of liposarcomas appears to be low in both companion animals and compan-
ion exotic species.2 Liposarcomas have been described in reptiles,1,3 birds,4,5 and exotic companion
mammals.6,7 In ferrets (Mustela putorius furo), there has only been one case reported of liposarcoma,
and in that case the tumor originated in the mandibular bone marrow.8 To the authors’ knowledge,
this is the first reported case of a subcutaneous liposarcoma in a ferret.
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A 6-year-old spayed female ferret was presented for
clinical signs of weakness, anorexia, lethargy,
weight loss, and frequent urination. The ferret was
housed inside a home and was fed a commercial
diet for cats. The animal had been regularly vacci-
nated against canine distemper (Eurican CH; Me-
rial, Milan, Italy) and rabies (Rabisin, Merial), and
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2 3 8 Jhere was no previous history of medical problems
xcept for the clinical signs noted at the time of
resentation. On physical examination, the ferret
ppeared to have a low body condition, weighing
00 g, and had been anorexic for 2 days before its
xamination at the veterinary clinic. It was slightly
ethargic and showed signs of hind limb paresis.
o fecal or urinary incontinence or loss of tail con-
a Veterinaria, Università degli Studi di Napoli Federico II, Napoli,
eterinaria, Università degli studi di Camerino, Matelica, Italy; and
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etrol were noted at the time of the physical exami-
nation or reported by the owner. A large, firm,
painless, subcutaneous mass was identified at the
base of the tail, dorsal to the sacrococcygeal region
(Fig. 1).
Survey radiographs showed a large, soft-tissue
opacity at the base of the tail and osteolysis of
the sacrococcygeal vertebrae (Fig. 2). A blood
sample was collected under manual restraint
from the cranial vena cava for a complete blood
count and serum biochemical analysis. The he-
mogram was within normal limits. Serum bio-
chemical profile revealed slightly elevated alka-
line phosphatase (130 IU/L; reference range: 30-
120 IU/L) and a marked increased activity of
alanine aminotransferase (898 IU/L; reference
range: 82-289 IU/L).9 A urine sample was also
collected via cystocentesis for urinalysis. The lab-
oratory results of the urinalysis revealed moder-
ate leukocyturia. An abdominal ultrasound re-
vealed a uniform thickening of the urinary blad-
der wall with no evidence of metastatic disease.
A fine-needle aspirate of the mass was also ob-
tained concurrent with the ultrasound examina-
tion and showed spindle cells and multinucle-
ated giant cells with evidence of marked anisocy-
tosis and anisokaryosis. A presumptive diagnosis
of malignant mesenchymal neoplasia was estab-
lished.
Seven days of supportive therapy was initiated
and included enrofloxacin (5 mg/kg orally every
12 hours for 7 days, Baytril; Bayer Animal
Health, Milan, Italy) for treatment of a suspected
cystitis; meloxicam (0.2 mg/kg subcutaneously
every 24 hours for 3 days, Metacam; Boehringer
FIGURE 1. Ferret with liposarcoma. Caudodorsal view
of the large, firm, roughly round, subcutaneous mass
present at the base of the tail, immediately dorsal to the
sacrococcygeal region (arrow).Ingelheim, Ingelheim, Germany) as an anti-in-
F
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D’Ovidio et al/Journal of Exotic Pet Medicine 21 (2012), ppammatory, ranitidine (3.5 mg/kg orally every 12
ours for 3 days, Zantac; GlaxoSmithKline, Ve-
ona, Italy) as an antacid to prevent possible gas-
ric mucosal damage due to meloxicam, and sy-
inge-feeding with Carnivore Care (Oxbow Ani-
al Health, Murdock, NE USA).6 Additional
ecommended diagnostic testing included com-
uted tomography and biopsy of the mass, but
ere declined by the owner. Despite supportive
reatment, the clinical condition of the ferret
orsened. The mass rapidly increased in size and
ompressed the rectum, causing decreased fecal
utput and tenesmus. Because of the grave prog-
osis and size and invasiveness of the mass, the
erret was humanely euthanized.
The gross necropsy examination exposed a 4 
 3.5 cm, irregularly shaped, yellow-tan, firm,
ubcutaneous mass that wrapped around and
ompressed the rectum, without breaching the
erosa. Evaluation of the abdominal cavity
howed diffuse yellow-tan discoloration of the
iver (commonly seen in ferrets diagnosed with
epatic lipidosis), but did not reveal any evi-
ence of metastasis. The entire mass was re-
oved and fixed in 10% neutral buffered forma-
in. A few samples of the same mass were col-
ected and stored as frozen tissue. Samples fixed
n formalin were routinely processed and embed-
ed in paraffin according to accepted histologic
echnique. Five-m-thick sections were stained
ith hematoxylin and eosin for microscopic ex-
mination. The histologic examination revealed a
oorly delimited neoplastic proliferation of read-
ly recognizable adipose cells and poorly differ-
ntiated neoplastic cells (Fig. 3), with pleomor-IGURE 2. Left lateral radiographic view of ferret with a large, soft
issue opacity at the base of the tail (arrow).
238–242 2 3 9
t
n
t
e
n
A
i
c
a
a
n
u
t
p
o
t
t
c
D
T
h
t
I
n
r
l
i
g
c
o
toxylin and eo
F
t
v
w
c
(
i
a
2 4 0phic hyperchromatic nuclei and abundant cyto-
plasm containing lipid droplets, positively
stained by Oil Red O method (Fig. 4) performed
on frozen sections. Occasional mitotic figures
were detected as well as an interstitial stroma
that consisted of thin fibrous septa. A few multi-
nucleated giant cells were also present in the ex-
amined tissue samples. Within the tumor, there
were multifocal areas of necrosis accompanied by
hemorrhage and mild to moderate neutrophilic
and lymphoplasmacytic infiltrate. Paraffin blocks
of the mass were sectioned and immunohisto-
chemistry was performed on 5-m-thick sections
with commercially available primary antisera
(DACO Corp., Carpinteria, CA USA) against vi-
mentin, sarcomeric actin (AcSarco), smooth mus-
cle actin (AcSmoothM), and factor VIII–related
antigen. The standard avidin-biotin-peroxidase
technique (Vectastain kit; Vector Laboratories,
Burlingame, CA USA) was used. The tumor cells
were positive for vimentin (Fig. 4), but they were
uniformly negative to the AcSarco, AcSmoothM,
and factor VIII–related antigen. On the basis of
the histopathological special stain (Oil Red O)
and immunohistochemical findings, the disease
diagnosis was determined to be a low-grade lipo-
sarcoma. An undifferentiated hemangiosarcoma
was considered as a possible differential diagno-
otomicrograph of a histological section of the tail base
ed of areas of round to polygonal cells, arranged in
ternating with areas of nonvacuolated to vacuolated
asterisk). The neoplastic cells often contain a single,
acuole (arrowheads) within the cytoplasm, displacing
the periphery. Occasionally, scattered binucleated and
(inset, arrow) neoplastic cells are also present. Hema-
sin stain. Bar  200 m (inset bar  50 m).sis but was soon ruled out because of the nega- m
D’Ovidio et al/Jive stain for factor VIII–related antigen of the
eoplastic cells. The cytoplasmic microvacuoliza-
ion and thin stroma can also be observed in
mbryonal rhabdomyosarcomas10; however, the
egative results of the immunohistochemistry for
cSarco and AcSmoothM ruled out the possibil-
ty of a muscle cell origin of the neoplastic
ells.11 On the basis of the histological appear-
nce, in combination with the positive vimentin
nd presence of the lipid droplets, the final diag-
osis was a well-differentiated liposarcoma of
nknown origin, even though it is possible that
he neoplasm originated from the mesenteric adi-
ose tissue. Oil Red O staining was performed
n frozen sections to demonstrate fat droplets in
he tumor cells. Proposed classification of this
umor using the Tumor Node Metastasis classifi-
ation scheme was IIb (Table 1).
ISCUSSION
his report describes the clinical presentation and
istopathological and immunohistochemical fea-
ures of a subcutaneous liposarcoma in a ferret.
n domestic animals, such as dogs and cats, cuta-
eous swellings or masses are very commonly
eported by veterinarians.12 The underlying etio-
ogic origins of non-neoplastic cutaneous masses
n dogs and cats include hematomas, abscesses,
ranulomas, hernias, and cysts,12 and the same
an be expected in ferrets. Of neoplasms, cutane-
us mast cell tumors, basal cell tumors, squa-
IGURE 4. The cytoplasm of neoplastic cells often con-
ains a large amount of lipid (bright red stain, arrows). A
ariable number of small lipid droplets are also present
ithin the cytoplasm of the spindle-shaped neoplastic
ells (inset, arrow). Oil Red O staining. Bar  200 m
inset bar  25 m). The neoplastic cells show intense
ntracytoplasmic positivity for vimentin (brown stain,
rrows). Avidin-biotin-peroxidase complex method, he-FIGURE 3. Ph
mass compos
sheets, and al
spindle cells (
clear, round v
the nucleus at
multinucleatedatoxylin counterstain. Bar  25 m.
ournal of Exotic Pet Medicine 21 (2012), pp 238–242
p
r
n
a
T
u
t
c
a
h
t
a
s
s
a
t
g
T
k
d
i
m
b
o
s
c
c
n
e
r
l
c
l
n
b
d
g
m
t
t
a
p
t
l
a
a
g
a
t
t
O
l
C
tmous cell carcinomas, and sebaceous epithelio-
mas are commonly diagnosed in ferrets of all
ages, whereas fibromas, fibrosarcomas, sebaceous
gland adenomas, hemangiomas, and benign cys-
tic adenomas are frequently identified in middle-
aged to older ferrets.13-15 The most common loca-
tion of the tumors listed above includes the cra-
nial aspect of the body (e.g., head, neck,
shoulders, flanks) as well as the hind limbs.
Chordomas are also commonly reported neo-
plasms in ferrets that arise from remnants of the
primitive notochord in the spinal column and
are mainly observed at the tail tip; these neo-
plasms are rarely found in the cervical region or
other locations of the spinal cord.16 Liposarco-
mas are soft tissue sarcomas, a group of malig-
nant neoplasms that include fibrosarcomas, he-
mangiopericytomas, liposarcomas, rhabdomyo-
sarcomas, leiomyosarcomas, malignant
peripheral nerve sheath tumors, myxosarcomas,
and mesenchymomas.17 Soft tissue sarcomas are
slow-growing malignant neoplasms (usually well
delimited), which rarely metastasize, even though
they tend to invade the surrounding tissues. Li-
posarcomas are rare malignant tumors of white
adipose cell lipoblasts.1 Literature concerning li-
posarcomas mentions 3 variants of the neo-
plasm: well differentiated, pleomorphic, and
myxoid.11 In the well-differentiated variant, the
TABLE 1. Modified Tumor Nodes Metastasis
staging of soft tissue sarcomas17
T Primary Tumor
T1:  than 5 cm
T2:  than 5 cm
N Regional Lymph Nodes
N0: no lymphnodal metastasis detected
N1: lymphnodal metastasis present
M Distant Metastases
M0: no distant metastases
M1: distant metastases are present
Stage 1
1a: T1 N0 M0 (grade 1 or 2,  than 5 cm in
diameter)
1b: T2 N0 M0 (grade 1 or 2,  than 5 cm in
diameter)
Stage 2
2a: T1 N0 M0 (grade 3,  than 5 cm in diameter)
1b: T2 N0 M0 (grade 3,  than 5 cm in diameter)
Stage 3
3a: all T N1 M0 (tumors of any grade with a
verified lymphnodal status)
3b: all T, all N M1majority of neoplastic cells resemble normal adi- s
D’Ovidio et al/Journal of Exotic Pet Medicine 21 (2012), ppocytes with a single, clear fat vacuole and a pe-
ipheral nucleus.11 In the pleomorphic variant,
eoplastic cells have highly variable morphology
nd are mixed with multinucleated giant cells.11
he diagnostic intracytoplasmic fat vacuoles are
sually present in a small percentage of cells.11 In
he myxoid variant, there are scattered spindle
ells, lipocytes, and lipoblasts loosely arranged in
mucoid stroma.11 In the ferret case described
ere, the histological appearance of the neoplas-
ic cells fell into the category of a well-differenti-
ted liposarcoma. Most reports indicate that lipo-
arcomas tend to be aggressive and may metasta-
ize to the lungs, liver, and bone.11 Liposarcomas
re considered soft tissue neoplasms because of
heir mesenchymal or connective tissue cell ori-
in and often arise from the skin and subcutis.12
he specific etiology of this neoplasm is un-
nown, although a few recently reported cases in
omestic animals seemed to be related to the
ntroduction of a foreign material (e.g., glass or
icrochip) into tissue.18,19 However, in this case,
ecause of the absence of foreign bodies and lack
f previous injections or known trauma at the
ite of neoplasm development, the tumor was
onsidered of unknown origin. In soft tissue sar-
omas, fine-needle aspirate biopsies are often
ondiagnostic, because the tumors do not readily
xfoliate when compared with epithelial and
ound cell tumors.20 Moreover, with lipomas and
iposarcomas, the fine-needle aspirates usually
annot provide a definitive diagnosis, because the
ipid droplets within the adipocytes (lipomas) or
eoplastic cells (liposarcomas) will be dissolved
y the alcohol associated with the staining proce-
ure.2 However, cytology is helpful in distin-
uishing between lipomas, abscesses, or hemato-
as, and it is helpful in identifying adipocytes, if
hese cells are present.12 Histopathologic evalua-
ion is essential in the diagnosis of liposarcomas,
nd biopsy and histopathology should always be
erformed on all cutaneous masses to determine
he most effective treatment protocol and estab-
ish a prognosis.15 Histologically, liposarcomas
re composed of lipoblasts that exhibit moderate
nisocytosis and anisokaryosis with variable de-
rees of cell differentiation.2 Special stains such
s Sudan, Oil Red O, and osmium may be used
o demonstrate the presence of lipid in frozen
issue sections if necessary.2 In our case, Oil Red
special stain confirmed the presence of the
ipid within the cytoplasm of the neoplastic cells.
linical staging is strongly recommended to es-
ablish a prognosis and should include the re-
ults of the physical examination, blood work,
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2 4 2survey radiographs, ultrasound, and 3-dimen-
sional images techniques (e.g., computed tomog-
raphy scan, magnetic resonance imaging). In our
case, based on the Tumor Node Metastasis stag-
ing system (Table 1), which evaluates the size
and extent of primary tumor, the extent of spread
to the lymph nodes, and the presence of distant
metastases,21 we propose the ferret as stage IIb
(Table 1). Treatment and prognosis of malignant
cutaneous tumors will depend on the extent of
the local disease, and long-term outcome is re-
lated to the size and site of the lesion, histologi-
cal grade, and whether the neoplasm is invading
the adjacent tissues.11 Multimodal treatment is
currently considered the best choice in all spe-
cies.22 Surgical excision of the neoplasm, without
the ability to achieve wide surgical margins,23
should be performed in association with radia-
tion therapy to prevent or delay the tumor re-
growth, and chemotherapy to help control po-
tential metastases.22 The locally aggressive nature
of liposarcomas requires aggressive surgical resec-
tion; therefore, the location of the tumor is a cru-
cial prognostic factor.12 In this case, the rapid
progression of the neoplasm, difficulty of obtain-
ing wide surgical margins, and the rapid clinical
decline of the patient’s health led toward the de-
cision of euthanasia.
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